Edith Cowan University

Research Online
Theses : Honours

Theses

2000

A diet study of Australia's most critically endangered mammal,
Gilbert's Potoroo, Potorous Gilbertii (Marsupialia : Potoroidae)
Vinh Nguyen
Edith Cowan University

Follow this and additional works at: https://ro.ecu.edu.au/theses_hons
Part of the Zoology Commons

Recommended Citation
Nguyen, V. (2000). A diet study of Australia's most critically endangered mammal, Gilbert's Potoroo,
Potorous Gilbertii (Marsupialia : Potoroidae). https://ro.ecu.edu.au/theses_hons/534

This Thesis is posted at Research Online.
https://ro.ecu.edu.au/theses_hons/534

Edith Cowan University
Copyright Warning
You may print or download ONE copy of this document for the purpose
of your own research or study.
The University does not authorize you to copy, communicate or
otherwise make available electronically to any other person any
copyright material contained on this site.
You are reminded of the following:
 Copyright owners are entitled to take legal action against persons
who infringe their copyright.
 A reproduction of material that is protected by copyright may be a
copyright infringement. Where the reproduction of such material is
done without attribution of authorship, with false attribution of
authorship or the authorship is treated in a derogatory manner,
this may be a breach of the author’s moral rights contained in Part
IX of the Copyright Act 1968 (Cth).
 Courts have the power to impose a wide range of civil and criminal
sanctions for infringement of copyright, infringement of moral
rights and other offences under the Copyright Act 1968 (Cth).
Higher penalties may apply, and higher damages may be awarded,
for offences and infringements involving the conversion of material
into digital or electronic form.

EDITH COWAN UNIVERSITY
LIBRARY

Department of Conservation and
Land Management

A Diet Study of Australia's
Most Critically Endangered Mammal,
Gilbert's Potoroo, Potorous gilbertii
(Marsupialia : Potoroidae)

Vinh Nguyen

THESIS SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE
AWARD OF B. SC. (BIOLOGICAL SCIENCE) HONOURS

FACULTY OF HEALTH, COMMUNICATION AND SCIENCE
SCHOOL OF NATURAL SCIENCES
EDITH COWAN UNIVERSITY
NOVEMBER 2000

USE OF THESIS

The Use of Thesis statement is not included in this version of the thesis.

1.

ABSTRACT

After 125 years of presumed extinction, Gilbert's Potoroo (Potorous

gilbertii) was rediscovered in 1994 in Two Peoples Bay Nature Reserve, Albany.
As only one population is known to exist, conservation is of prime importance.

Faecal analysis was used to examine the diet of P. gilbertii.

The species was found to be predominantly mycophagous (fungus-feeding)
with invertebrate and plant matter fanning only a small part of its diet. Fungal
material made up more than 90% of faecal matter throughout the year. A total of

44 fungal spore types were discerned. Of these, five were tentatively identified to

species level with the remaining spores identified to genus, or assigned a
representative name. The fungal genera Mesophellia and Hysterangium were the
most frequently found and occurred in all faecal samples. Other fungal types in the
faeces were found to change seasonally. Invertebrate and plant material comprise
the minor dietary items with proportions of 2.4% and !.6% respectively.

The large amount of fungus in the diet of P. gi/bertii closely resembles that
of another endangered Potoroid, the Long-footed Potoroo (P. longipes).

Diet

studies of P. longipes indicate that it too is a specialised mycophagist.
Consequently, conservation and diet issues of P. longipes could be incorporated

into existing conservation strategies of P. gilbertii.
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2.0

INTRODUCTION

Gilbert's Potoroo (Potorous gilbenii) is currently Australia's most critically
endangered mammal and is found only in a restricted area in the southwest corner
of Western Australia. Two Peoples Bay Nature Reserve is home to the only known
population of the recently rediscovered species (Start et at., 1995). With only a

small, concentrated population, there has been an urgency to increase numbers and
apply conservation strategies (Friend, pers. comm.).

One of the many ecological aspects requiring investigation is the diet of P.
gilbertii. It has been well documented that Potoroid species are mycophagous,

primarily feeding on hypogeal fungi (underground truffle-like fungi) belonging
mainly to the Families Ascomycota and Basidiomycota (Bennett & Baxter, 1989;
Claridge & May, 1994). However, little is known of the feeding habits of P.
gilbertii. Information on the importance of each fungal species in its diet will aid

conservation programs. For instance, by understanding its dietary requirements,
suitable relocation sites may be selected based on one of the key elements, food
availability (Friend, pers. comm.). Currently, captive animals are being fed a diet
similar to that of the Long-footed Potoroo (Potorous longipes) at Healesville
Sanctuary (Courtenay, 1998).

2.1

Taxonomy and Description of Potorous sp.
The genus Potorous consists of five taxa: The

Long~noscd

Potoroo (P.

tridactylus tridactylus); P. longipes; the Broad-faced Potoroo (P. platyops)

(believed extinct); the Long-nosed Potoroo (Tasmanian sub-species) (P. tridactylus
apicalis); and P. gilbertii. Prior to 1997, P. tridacty/us, P. t. apica/is and P. gilbertii

were classified as sub-species (Seebeck eta/., 1989; Seebeck & Rose, 1989).

Morphological evidence acquired by Courtenay (1998) supports the view
that P. gilbertii should be recognised as distinct from P. tridacty/us. The skull size
of P. gilbertii examined is much smaller, and broader around the maxillary region
compared to P. tridactylus. As a result, the molar teeth are smaller with a broader

palate. The rostrum is enlarged above the molar row and anterior to the incisors.
Dental examination reveals that the adult premolar is smaller with an extension on
the anterior lingoal side. Additionally, P. gilbertii has a more pronounced nasal
bone, the tarsi and tail are shorter and the overall colour is of a deeper hue

compared to P. tridactylus (Courtenay et a/., 1998; Vetten, 1996). Although P.
gilbertii is now regarded as a separate species, its phylogenetic status with other
Potorous sp. is unclear.

Sinclair and Westerman (1997) used allozyme electrophoresis and sequence
analysis of the cytochrome b gene to distinguish the relationship between P.
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gilbertii, P. tridactylus and P. longipes. The allozyme data suggests P. gilhertii is
more closely related toP. tridactylus. However, the genetic sequence data suggests
P. gilbertii is more closely related to P. longipes. More recently, Sinclair et al.

(2000) examined chromosome morphology of the three animals. Karyotype
mapping suggests P. gilbertii and P. tridactylus are sister taxa (2n=l2, 13) while P.

longipes is distantly related (2n=24).

2.2

Early Discovery of Gilbert's Potoroo
John Gilbert in 1840 collected the first specimen at King George's Sound

(Albany). In his observations, Gilbert noted that P. gilbertii was in constant close

proximity to the Quokka (Setonix brachyurus, previously known as Halmaturus

brachyurus). He also noted that the local Aborigines hunted P. gilbertii in large
numbers suggesting they were once common in the south-west (Gould, 1863).

Gilbert sent a specimen in 1840 to the famous nineteenth century naturalist
John Gould. Gould documented many mammals and birds of the south-west region
of Australia (Gould, 1863; Start et al., 1995). His extensive knowledge of, and
familiarity with the fauna led him to believe that this new species may be related to
the Long-nosed Potoroo, Hypsiprymnus murinus (Potorous tridactylus tridactylus
as it is now described). lis similarities prompted Gould to name it Gilbert's Ratkangaroo (Ilypsiprymnus gilbertii), in recognition of John Gilbert (Gould, 1863).

3

George Masters collected the next specimens between 1866 and 1869
between King George's Sound and the Salt (Pallinup) River. Upon visiting the

Swan River Colony, he obtained seven specimens of P. gilbertii for the Museum of
New South Wales (now the Australian Museum) and left without noting any further
information about the Potoroos (Sinclair et al.• 1995; Start et al., 1995).

The last official recording, and collection of Gilbert's Potoroo was made by
William Webb between 1874 and 1879 when he collected a single animal at King
George's Sound (Sinclair eta/., 1995; Courtenay et al., 1998). The species was

subsequently presumed extinct when no other specimens were captured (Start et al.,
1995).

In November 1994, Elizabeth Sinclair, who was studying Quokka

populations in Two Peoples Bay Nature Reserve, caught what appeared to be a
cross between a Southern Brown Bandicoot (lsoodon obesulus) and a small
wallaby. After consultations with Conservation and Land Management (CALM)
scientists, and examining museum specimens, the captured marsupial was

identified as Gilbert's Potoroo (Sinclair et al., 1995; Start et al., 1995).

Following the discovery, conservation became the prime consideration.

Owing to the small number of animals and their restricted distribution. it was
apparent that threats such as fires and disease could result in the extinction of the
species (Courtenay eta/., 1998). As a safeguard, four wild animals (two females

4

and two males) were captured and maintained in captivity. Presently, ten
individuals (five females and five males) fonn the nucleus of a breeding program
intended to provide animals for translocation to other areas (Friend, pcrs. comm.).

2.3

Past and Present Distribution

Sub-fossil evidence collected between Margaret River and Albany indicate
the species was once widespread throughout the southwest. A fossil was collected
from Devil's Lair in 1971 dating back to 12 175 ~ 225 BP (Dortch & Merrilees,
1971; Courtenay et al., 1998).

The rapid decline of numbers in the late 1870's was attributed to many
factors including laud clearing and predation by cats. The introduction of feral
animals not only had au effect on Potoroo populations, but by the 1930's following
the introduction of foxes, Quokkas aud possibly Bandicoots also began to disappear
(Start et al., 1995).

Prior to the introduction of foxes, it was probable that a decline in numbers
may have also resulted from over hunting by the local Aborigines aud early settlers,
aud extensive agricultural practices. Laud clearing by slash and bum methods
considerably reduced the sheltering understorey exposing the Potoroos to predation.
The remaining population was almost certainly saved by chance following the
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declaration of Two Peoples Bay as a nature reserve in 1967 and the introduction of
intensive fox baiting programs in 1988 (Courtenay et al., 1998).

Recently, the spread of dieback (Phytophthora cinnamomi), a plant

pathogen causing widespread destruction to the surrounding vegetation, has
increased the threat to the species' survival. This root-attacking fungus, which
occurs in the soil, progressively kills mycorrhiza-forming Eucalyptus and Banksia
species. The change in vegetation structure alters the availability of hypogeal fungi
that the Potoroos heavily depend upon. Additionally, the loss of mycorrhizalforming plants may have removed the animals' primary food source, hypogeal
fungi. Surveys in dieback affected areas of Two Peoples Bay Nature Reserve has
found no Potoroos (Courtenay et al., 1998).

2.4

History of Two Peoples Bay
The absence of fire in Two Peoples Bay for 50 years has provided a safe

haven for some of Western Australia's most critically endangered animals. In the
early 1960's, the area was earmarked for the construction of a town site. Plans for
development halted following the rediscovery of the Noisy Scrub-bird (Atrichornis
c/amosus) in 1961 (Department of Conservation and Land Management, 1995).
The Noisy Scrub-bird, along with the critically endangered Western Bristlebird
(Dasyornis longirostris), Western Whipbird (Psophodes nigrogularis nigrogularis)
and Ground Parrot (Pezoporus wallicus flaviventris) provided the impetus for
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designating Two Peoples Bay a Class A Nature Reserve for the Conservation of
Fauna ( 1967) (Hopper, 1981; Department of Conservation and Land Management,
1995).

The reserve not only provides a safe haven for rare avifauna, but also is

renowned for the diversity of endangered mammals that it shelters. The vulnerable
Southern Brown Bandicoot (Isoodon obesulus), Western Ringtail Possum
(Pseudocheirus occidentalis) and the Quokka are three mammals inhabiting the

reserve. These species, along with P. gilbertii have subsequently benefited from the

creation of the reserve. The remarkable survival of these animals has been in part
due to the absence of fire in the last 50 years and the resulting dense vegetation

providing protection from feral predators. The diversity of rare fauna makes Two
Peoples Bay Nal.ure Reserve one of the most significant reserves in Australia
(Hopper, 1981; Department of Conservation and Land Management, 1995).

2.5

Current Status
With only a single population known, P. gilbertii has been given a Red

List Category placing it as 'critically endangered 'under the IUCN (1994) criteria
C2b and D. Its current conservation status is regarded as:
I.

Fauna likely to become extinct or is rare (Western Australian Wildlife
Conservation Act 1950)

2.

Endangered (Commonwealth Endangered Species Protection Act 1992)
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3.

Critically Endangered ( 1996 Action Plan for Australian Marsupials and
Monotremes)

4.

Critically Endangered (19961UCN list of Threatened Animals)
(Courtenay eta/., 1998)

Previous studies have examined microhabitat use (Vetten, 1996) and
behaviour of animals in captivity (Burke, 1998). Preliminary studies of their diet

indicate they are primarily mycophagous with some unidentifiable detritus material
(Bougher, 1998). In spite of Bougher's (1998) studies, little is known about the

relative importance of each dietary item and whether seasonal variation exists.

The primary aim of this study was to examine, through faecal analysis the
importance of fungi in the diet of P. gilbertii, and to detennine any seasonal

variations of these and other dietary components. Additionally, the diet and fungal

component were compared between seasons, study

site~:;

and sex of animals. This

information will not only provide an insight into their feeding habits and dietary
requirements, but may also help to select suitable translocation sites.
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3.0

LITERATURE REVIEW

3.1

Plant, Fungi and Mammals: A Tripartite Relationship
A close interrelationship exists between mycorrhizal plants, fungi and

mycophagous mammals with each member depending on the other for survival
(Claridge eta/., 1996). Nutrient exchange between plant (phytobiont) and fungus
(mycobiont) enhances survival of the plant whilst the fungus is able to complete its
life cycle. Part of the fungal life cycle involves the fonnation of subterranean
sporocarps

(Johnson, 1996; Bougher, 1998). Since fungal sporocarps form

underground, there are no means of spore dispersal by wind. Besides mammals,
invertebrates and water in the soil also help transport spores but these mechanisms
are inefficient. Mammals have the capabilities of depositing spores over a medium
distance and are the primary vectors of spore dispersal. These close mutualistic
relationships enhance the survival of mycorrhizal plants, fungi and mammals
(Claridge & May, 1994).

Mammals are effective in the dispersal of spores which ultimately infect
other plants. In return, these plants provide shelter and are hosts to the edible
mycorrhizal fungi. The fungi obtain photosynthates from the host tree while
producing spore-filled sporocarps that attract mammals (Claridge et a/., 1996;
Johnson, 1996). In order to maintain ecosystem health, it is vital that all

components be preserved.
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In the symbiotic relationship between plant and fungus, there is a reciprocal
nutrient exchange occurring in the roots. The plant host provides photosynthates
(sugars) to the fungus via the mycelium (Dell eta/., 1990). In return, the mycobiont

absorbs nutrients and water from the soil, which are transported to the host plant. In
addition, fungal hyphae increase the surface area of the roots and thus are able to
effectively and efficiently absorb ions (i.e. calcium, sulphate, copper, phosphate,
nitrate, magnesium and zinc) from the soil (Bougher & Tommerup, 1996; Sarre,
1999).

Not only are fungi active gatherers of nutrients, but they also protect the
plant root from environmental stress and pathogens. Mycorrhizal fungi are capable
of buffering plants against environmental stresses such as disease and drought.
Ectomycorrhizal fungi form a mycelium sheath around the host root which
provides a physical (and sometimes chemical) barrier to root pathogens such as

Phytophthora (Claridge et al., 1996; Bougher & Tommerup, 2000). Therefore, one

avenue of protecting Jarrah forests is through the preservation of such animals as
Potoroinae species that disperse fungal spores.

Both host plant and fungus are susceptible to temperature and rainfall
fluctuations. At freezing temperatures, ice not only inhibits the uptake of water and
nutrients, but also prevents mycelia ramifying through the soil. During periods of
low rainfall, the abundance of sporocarps decreases. This forces mycophagous
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mammals, which feed on truffle fungi, to seek alternative food sources such as

invertebrates and plant material (Trappe, 1988).

The subterranean fruiting habit of hypogeal sporocarps makes spore
dispersal difficult. Through evolution, fungus species that rely less on abiotic
factors and more on alternative means of spore dispersal developed mechanisms of

attracting mammals (Bougher & Tommerup, 1996). Subterranean sporocarps
typically have a central gleba core surrounded by a spore mass (Figure 3.1).
Protected by a hard, multilayered periderm shell, the sporocarp resists desiccation
and survival is prolonged. The sterile gleba core apparently has no reproductive
function and seems to exist only as a food source for mycophagous mammals

(Claridge et al., 1996).

The overall structure of a sporocarp has evolved to release the spore mass
before mammals can consume the central core (e.g. Mesophellia sp.). Unavoidably,
animals accessing and consuming the gleba release airborne spores, while a

proportion are accidentally consumed and deposited in the faeces. The process of
digestion may act as a pretreatment for spore germination (Claridge & May, 1994;
Johnson, 1996).
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Smm

Figure 3.1

Mature sporocarp of Mesophellia trabalis showing the central gleba
core (C) surrounded by a spore mass (S). The multilayered periderm
(P) consists of the ectoperiderm (P 1), mesoperiderm (P2) and

endoperiderm (P 3) (Dell et al., 1990).

The detection of hypogeal sporocarps by mammals depends on olfactory
senses (Donaldson & Stoddart, 1994). For a long time, domestic pigs and dogs have
been used in Europe to locate truffles by scent. It is suspected mycophagous
mammals also rely on olfactory cues. Hypogeal sporocarps, upon maturation, often
produce strong odours while immature sporocarps are not scented. This feature is
perhaps a safe-guard mechanism protecting young fungal sporocarps from
consumption before spore development (Claridge et al., 1996).

The odours produced in the European Black Truffle (Tuber melanosporum),
for example, are a combination of volatiles including alcohol, oxygen compounds
and dimethyl sulphide (Donaldson & Stoddart, 1994; Claridge et al., 1996). A
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study by Donaldson and Stoddart (1994) was undertaken to elicit the process of
sporocarp detection by the Tasmanian Bettong (Bettongia garmardi). Using

chromatographs, aldehydes, ketones, alkenes and esters were identified in mature
sporocarps of Mesophe/lia. The combinations and levels of these substances differ
among, and possibly within species (Claridge et a/., 1996). At present, little is
understood of sporocarp detection by other Potoroids (Donaldson & Stoddart,
1994).

3.2

The Gastrointestinal Tract of a Potoroid and Macropod
All Macropods have evolved a foregut fermentation system with the

exception of the Musky Rat-kangaroo (Hypsiprymnodon moschatus) which uses
hindgut fermentation. Ancestors of the Macropods came down from the forest
canopy in the mid Miocene to forage on the ground. These animals adapted to new
niches and by the early Pliocene period, Macropods had evolved a forestomach gut
to exploit fibrous food (Flannery, 1989; Freudenberger et at., 1989).

The most primitive of the Macropodoidea is the Subfamily Potoroinae. The
gastrointestinal tract of the Potoroid consists of three regions; the large foregut
where food is stored and fermented (Pregastric Fermentation or PGF), the
midstomach and the hindstomach where hydrochloric acid and pepsinogen are
secreted (Figure 3.2) (Kinnear eta/., 1979; Langer, 1980).

13

The sacciform forestomach in Potoroids is approximately three times larger
than the hindgut and this provides a greater volume to not only store fungi, but also
house a large microbial population. The midstomach and hindgut regions have
limited sacculation but a well developed caecum and proximal colon have evolved
into efficient sites of nutrient extraction (Hume, 1978; Frappell & Rose, 1986).

Forestomach

~\
~

Hindstomach
Pylorus
I

0

Figure3.2

em

5

The stomach outline of a Potoroid (Bettongia) illustrating the
enlarged forestomach with a smaller midstomach and hindstomach
(Hume, 1978).

Large Macropods such as kangaroos evolved from the same ancestors as the
Potoroids and were present by the late Oligocene. Macropods developed a
forestomach adapted to digesting high fibre diets. The typical stomach morphology
was retained with some modifications. The forestomach is reduced in size and

14

therefore in capacity. The most significant morphological difference between large
Macropods and small rat-kangaroos is the enlargement of the tubiform
forestomach. The well developed midstomach has large taenia and in Macropus
spp, a ventricular groove (Figure 3.3) (Hungate et al., 1959; Hume, 1978).

Oesophagus

Midstomach
llr---...o:l!"'""- Ventriculer
groove

Hindstomach
Pylorus

Figure3.3
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Stomach anatomy of a large Macropod (Macropus giganteus)
showing the elongated midstomach (Hume, 1978).

It is thought that the two digestive systems evolved to accommodate the

different feeding habits of the Macropods and Potoroids. Large Macropods have a
lower metabolic rate to mass ratio compared to the smaller Potoroids, therefore the
energy requirement is less. The large stomach is sufficiently voluminous for the
microbial fermentation of a high fibre diet, meeting the energy demands of a
Macropod (Hungate, 1959).
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In Potoroids, the forestomach is enlarged and sacciform. Their small body
size restricts them to a high-energy diet. Accordingly, they feed on low fibre diets.
A possible explanation of this choice of diet was suggested by Hume (1978). The

elaborate forestomach evolved as a storage organ. a strategy against predation. The
brief, but high risk act of foraging for fungi makes them susceptible to predation.

To reduce the time spent feeding, it may be that Potoroid animals store their ingesta
to be extensively digested during periods of refuge.

Experimental studies have supported the theory that the Potoroid
forestomach is a site of storage. Hume and Carlisle (1985) examined the path of
barium sulphate in the digestive system of the Rufous Bettong (Aepyprymnus

rufescens) and P. tridactylus. Animals were fed approximately 50% gut capacity of
cracked wheat, cracked corn and dog kibble. Their study found a retention time of
seven hours in the foregut with a relatively quick passage time through the caecum
and proximal colon. The retention of digesta facilitated the slow microbial
fermentation required to digest fungal tissues. The authors suggest that the role of
the foregut is primarily a storage organ.

In contrast, FrappeII and Rose ( 1986) fed P. tridacty/us 2g of food (dog
pellets and sunflower seeds) and found barium sulphate was retained in the foregut
for only one hour. These differences may be related to the dosage volume of
barium sulphate and food with a greater quantity in the experiment conducted by
Hume and Carlisle (1985). A greater volume of digesta would have a longer
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retention time. This study went on to examine the role of the hindgut (voluminous
caecum and proximal colon). Undigested cellulose material undergoes slow
microbial fermentation and nutrients are extracted from

Jow~quality

digcsta. Thus

there are two sites of extraction. The forestomach is used for the microbial
fennentation of fungal digesta while the hindgut is used for the digestion of plant

material and invertebrates.

3.3

Nutritional Quality and Spore Viability after Digestion
A prolonged retention of digesta in the forestomach and hindgut enables

extensive extraction of nutrients which has allowed Potoroid species to mair.tain
positive nitrogen balance at an almost constant weight (Johnson, 1994a; Claridge et
a/., 1996). Nitrogenous compounds are important in the synthesis of stmctural

tissue. When nitrogen is consumed in large amounts, it enhances growth and
increases reproduction capabilities (Wallis & Hume, 1992).

Fungi, however, are a low energy source of nitrogen for hindgut fermenters.
In North American Red Squirrels, fungi, along with seeds and pine cones are the
major dietary items. A nutrient analysis of fungal sporocarps shows high
concentrations of indigestible nitrogenous compounds (chitin, polysaccharides,
glycoproteins, ammonia and urea), minerals and vitamins (Gronwall & Pehrson,
1984; Kenagy, 1989). A large proportion of the total nitrogen is in the fonn of
nonprotein nitrogen (51-84%) while a further 8-26% consists of urea and/or
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ammonia stored in cell-wall constituents. A squirrel's energy requirements for
example could only be met by a high-energy turnover diet (i.e. the energy required
to break open sporocarps is less than the energy expended during foraging) (Cork
& Foley, 1990).

Most of the nutrients in sporocarps are in non-digestible forms (locked in
fungal cell walls). Claridge and Cork (1994) examined the nutritional value of
hypogeal fungi to P. tridactylus. The sporocarps of both Mesophellia glauca and
Rhizopogon luteolus were high in ingested nitrogen (M. glauca 72%, R. luteolus
72%) and energy (kJ.kg" 1) (M. glauca 93%, R. luteolus 76%). They demonstrated
that P. tridactylus was able to maintain positive nitrogen balance and obtain
sufficient energy on a fungal diet (Claridge & Cork, 1994). Therefore, in hindgut-

fermenting animals, microbial extraction of nitrogen is incomplete because there is
not a sufficient retention time to digest and absorb nutrients. In forestomachfermenting animals, the retention time is longer and therefore extraction of energy
occurs at a greater efficiency (Mcllwee & Johnson, 1998). As a result, Potoroid
animals are able to utilise fungi more efficiently than hindgut fermenters. Partially
mycophagous animals must supplement their diet with more digestible items such
as invertebrates and seeds (Lamont et al., 1985).

One of the few things undigested by mycophagous mammals are spores.
Fungal spores pass through the digestive system unharmed and in some cases, this
process aids in germination. This feature is common not only to Potoroids (Lamont
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et a/., 1985; Claridge et a/., 1992; Johnson, 1994b) but also to other fungusconsuming mammals (Trappe & Maser, 1976; Malajczuk et at., 1987).

The passage of Mesophellia pachythrix, for example, through P. tridactytus

was demonstrated to produce viable spores. Spores were considered viable if they
formed mycorrhizal associations with Eucalyptus sieberi and E. globoidea in sterile
soil. In contrast, spores directly obtained from M. pachythrix sporocarps did not
form any mycorrhizal associations. It has been suggested that spore viability may

have been affected by the combined actions of body heat, enzymatic action and coculture with microorganisms (yeast) in the digestive tract or faeces. The combined

or single action of these may have removed the outer coating of some spores aiding
germination (Claridge et at., 1992).

It is not necessary that hypogeous spores be ingested to germinate.

Malajczuk et a/. ( 1987) were able to form mycorrhizae in the roots of E. catophylla

seedlings from uneaten sporocarps of Mesophellia. There is uncertainty as to the
importance of mycophagous animals as disseminators of viable spores and further
investigation is required (Malajczuk et at., 1987; Claridge & May, 1994). It is quite
possible that variations exist in compatibility between species of fungi and
mammals (Claridge & May, 1994).

If mycophagous animals were able to pass viable spores, then there would
be important environmental implications. Mammals are the primary mode of spore
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dispersal of hypogeal fungi. To preserve fungal diversity in a forest ecosystem, we
must also consider the mammals that feed on them (Johnson, I 996). Spore dispersal
may not be limited to the home range of a mammal. For example, they may be

carried long distances by raptor birds feeding on mycophagous mammals. Birds of
prey could act as a secondary mode of transporting spores with the additional
advantage of dispersal over great distances (Trappe, 1988). With the added vector
of dispersal, this will aid the infection of other trees, particularly in disturbed areas
(e.g. after fires).

3.4

Effect of Fire on Fungal Abundance
There has recently been a focus on the relationship between fire and

mycophagous mammals (Taylor, 1991; Claridge, 1992). It has been suggested that
fires stimulate the production and ftuiting of sporocarps (Taylor, I 991). If this were

the case, it would be expected that there be increased foraging in burnt sites and
there has been some observational evidence to support this (Claridge, 1992).

Conversely, fire is also known to have the opposite effect. Fungi grow
optimally in damp, multilayered humus levels which are acidic. Fires alter the soil
by not only directly killing the fungi through extreme heat, but also changing the
pH (Saxon eta/., 1994). Based on this knowledge, Johnson (1995) refuted many of
the claims that fires enhance foraging of sporocarps. Johnson (1995) accounts for
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the increased levels of digging by increasing accessibility to burnt sites and the

removal of other dietary items.

More recently, Vernes (1999) examined the foraging ecology of the

Northern Bettong (Bettongia tropica) in burnt and unburnt study sites. It

wa'i

shown that B. tropica maintained high levels of fungus consumption throughout
both sites. Differences were observed in the species detected and consumed. The

detection of Mesophelliaceae species increased and these were consumed in large
amounts compared to unbumt sites. This trend continued for several weeks in the
burnt site. Other fungal species such as Hysterangium appeared to be unaffected by
frre and were consumed in large amounts throughout both sites. Gallacea

meanwhile was also unaffected by fire but appeared to be consumed seasonally.

According to Vemes (1999), fungal species react differently to fire and
depending on their availability and possibly detectability, are consumed in greater
amounts by B. tropica. Therefore, foraging after fires by mycophagous mammals
could be influenced by fungal species' availability and durability.

The conservation of P. gilbertii is not only important due to its status, but
also because it is recognised as a key species in ecosystem health. Through the
consumption of fungi, undigested spores are dispersed and deposited to infect new
plant hosts. It is vital that further knowledge is gained on the diet of Gilbert's
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Potoroo to ensure the species' survival and that of the important ecological role that
it would certainly play.

3.5

Mycophagy in North America
Mycophagous animals have been studied all over the world. These include

invertebrates, beetles and other insects. Large mammals such as bears, deer and
mountain goats are also known to dig up fungi (Trappe, 1988). Small mammals,

however, have probably been the most successful and most recognised animals
consuming the fruiting bodies of mycorrhizal fungi. This is also true in North

America. A tripartite interrelationship exists between ectomycorrhizal pine,
hypogeal fungi and rodents, paralleling that between Australian eucalypts,
hypogeal fungi and marsupials (Malajczuk et al., 1987). An understanding of North
American mycophagists may aid in explaining the ecology of P. gilbertii (Maser et
al., 1988; Claridge & May, 1994; Johnson, 1996).

3.5.1

Chipmunks and Squirrels
It was generally considered that fungus consumption by small hindgut

ferrnenters was nutritionally poor and the energy threshold required was too great
(Kenagy, 1989). Yet, there are numerous examples of squirrels and chipmunks
foraging for truffle-like sporocarps.
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The Golden-mantled Ground Squirrel (Spermophilus saturatus) of the

Cascade Mountains in Washington is one such animals that uses fungi extensively.
With a body mass of between 200-300g, these animals have a high metabolic rate.
Therefore, they should presumably be consuming highly digestible energy
resources (Cork & Kenagy, 1989).

Kenagy (1989) chemically analysed hypogeal fungi (Elaphomyces
granulatus) by feeding captive squirrels rodent chow and a range of naturally
occurring foods (grasses, leguminous plants, coniferous seeds) to detennine the

nutritional quality of each. Results show that mass gain was achieved on a highly

nutritious and easily digestible diet of rodent t:how and pine nuts while herbage was
a poorer source of digestible energy and nitrogen. Squirrels maintained on a diet of
sporocarps were unable to retain body mass. Digestibility of E. granu/atus to
extract nutrients was only 50-60%, while most plant materials were digested to 8096%. Fungal sporocarps formed a major component of the squirrel's diet despite
the low extraction of nitrogen compared to other dietary items such as plant

material and pine nuts.

Kenagy (1989) suggests that the high consumption of sporocarps is due to
the ease of extraction and their relative abundance. The energy required to break
open the periderm is four to five times less than the energy expended in breaking

pine cones (Pinus contorta). Energy is also conserved with the high abundance and
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ease of detecting sporocarps compared to other higher, digestible resources, which

are less plentiful.

This, coupled with the fact that these small squirrels rapidly pass digesta
through the digestive system within 24 hours, allows them to compensate for poor
energy extraction. A high turnover of food at a minimal foraging energy
expenditure enables these animals to conserve energy and maximise nutrient

absorption (Cork & Kenagy, 1989; Kenagy, 1989).

3.5.2 Fungus consumption by Voles (Clethrionomys sp.)
Voles are small mammals also known to consume fungus. Ure and Maser

(1982) analysed the stomach contents of Red-backed Voles (Clethrionomys
gapperi) and Californian Voles (Clethrionomys californicus) in the Pacific

Northwest. While this method is more reliable than faecal analysis, stomach
analysis and regurgitation techniques cannot be applied to P. gilbertii because of
critically low numbers.

The study revealed that Vole species usually ate lichens but had a
preference for fungus. In C. californicus, sporocarps accounted for 85.7% while
both sporocarps and lichens totalled 98.4% of the diet by volume. Where
sporocarps were most abundant during the winter months, lichen consumption

decreased. A negative correlation was found between sporocarps and lichens with
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sporocarps the preferred food source. The rest of the stomach content included

plar· material in January and March, conifer seeds in autumn and soft-bodied insect
larvae occurring infrequently (Ure & Maser, 1982).

Sporocarps were also a major component of the diet of C. gapperi (63.6% ),

but not to the same extent as in C. ca/ifornicus. This difference was accounted for
by latitude. C. gapperi and C. californicus living in high mountainous areas

consumed fewer sporocarps due to low temperatures preventing fungal fruiting.
Subspecies living at lower altitudes were seen to have higher proportions of
sporocarps in their stomach content (Ure & Maser, 1982).

During dry months, high levels of sporocarp consumption persisted despite

a decrease in sporocarp production. Voles, unlike other mycophagous mammals,
collect and store sporocarps during the winter months. Caching provides them
access to sporocarps which otherwise would be more difficult to find (Ure &
Maser, 1982). It is not known if while caching, Voles still consume other food
sources that might be available and more digestible.

North American small mammals with simple stomachs include substantial
amounts of fungi in their diet. To maintain a constant body mass on nutlitionally

low digesta, these species must have a high turhover (increased consumption at low
retention time) with minimal energy required in sporocarp extraction (detection and
processing). For this to occur there must be a high abundance of hypogeal fungi.
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Even so, all mammals cannot solely depend on fungi and must supplement their
diet with highly digestible food items (berries, nuts and invertebrates) (Fogel &
Trappe, 1978; Ure & Maser, 1982; Kenagy, 1989).

3.6

Mycophagous Mammals in Australia
Australia possibly has the greatest diversity of small mycophagous

mammals. Claridge et a/. (1996) provide a list of some mycophagous mammals.
Almost all the mammals listed weigh between lOg and 3000g with the exception of

some Macropodids, introduced pigs and foxes. Besides the Potoroidae, Muridae
and Peramelidae are two of the many families that include fungi in their diet.
Members of both families (e.g. Southern Brown Bandicoot and Bush Rat) occur
within the Two Peoples Bay Nature Reserve and may compete with Gilbert's

Potoroo for food resources. It should also be noted that besides the families above,
Quokkas, Brush-tall Possums and the Western Grey Kangaroo also include fungus
in their diet and all are found within the reserve (Hopper, 1981; Claridge et a/.,
1996).

3.6.1

Family Muridae
Members in the Family Muridae marginally consume fungi. The New

Holland Mouse (Pseudomys novaehol/andiae) is one of the smaller Australian
rodents that utilise fungi as a food source (Wilson & Bradtke, 1999). Within the
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Two Peoples Bay Nature Reserve, the most common murids are the Southern Bush
Rat (Rattus fuscipes) and the introduced House Mouse (Mus musculus) (Hopper,
1981), both known to consume fungi (Claridge et al., 1996). A review of P.
novaelwllandiae will enable diet comparisons with some of the smaller marsupials

and rodents in relation to seasonal variations.

P. novaehollandiae occupies similar habitats to that of P. tridactylus in

coastal eastern Australia. Using faecal analysis in four different locations, Wilson
& Bradtke (1999) found that plant material (dicot leaf, flowers, pollen and root

material) was the dominant component. Plant material accounted for 27% of the
total faecal material. The proportion of fungi consumed appeared to be variable. In
this particular study, P. novaehollandiae faeces contained 19% of spores by
volume. This compares with studies performed by Cockburn (1980) in which fungi

were found to be only a minor dietary item comprising between 0-3%. Other foods
consumed in small quantities include invertebrates and seeds. Seeds appeared to be
a major component in Cockburn's study comprising over 75% while Wilson and
Bradtke (1999) only found 14%.

Seasonal changes in diet composition were observed with fungus

consumption increasing

during winter

and

decreasing

during

summer.

Dicotyledonous plant material compensated in seasons where sporocarp production

was low. Since P. novaehollandiae is omnivorous, it is able to exploit seasonal
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fluctuations in food availability and therefore occupy a large realised dietary niche
(Wilson & Bradtke, 1999).

3.6.2

Mycophagy in Bush Rats

Bush Rats are widespread throughout Australia and are also omnivorous.
The diet of R. fuscipes has been studied extensively. Much larger in size than P.

novaehollandiae, its fungal intake is similar with a greater amount of fungus
consumed during winter (Watts, 1977; Wilson & Bradtke, 1999).

Faecal analysis of R.fuscipes by Watts (1977) showed that it predominantly
consumed insects (20-90%) during periods of high abundance while grasses were
utilised to a lesser extent. In some animals, fungi accounted for 22% of the diet.

The data indicates that R. fuscipes is mainly insectivorous and to a lesser extent,
fungivorous. Unfortunately the season in which trapping occurred was not recorded
but it was acknowledged by the author that the diet of R. fuscipes was highly
seasonal suggesting that this study probably occurred during the summer months

where insect consumption was high relative to other months.

Studies in south-eastern Australia also indicate that their diet is seasonal. In
winter, fungi (Endogone spp.) were the major dietary item (85% by volume)
decreasing to 5-17% during summer. During this time, plant material (stems and
leaves) was found to be more common in the diet (54-75%). Arthropod material
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was supplemented with a plant diet thnt varied from 20% in summer, to a low of
6% in winter. Not only was diet seasonally variable, but it changed between habitat
types, with fungi the preferred food source (Cheal, 1987; Watts, 1977).

3.6.3 Family Peramelidae
The only members of the Family Peramelidae known to consume fungi are
lsoodon obesulus (Quin, 1985) and the Long-nosed Bandicoot (Perameles nasuta)

(Claridge, 1993). Like other bandicoots, /. obesulus has a simple stomach aod is
therefore unable to extract nutrients comprehensively from fungi (Quin, 1985).
With I. obesulus inhabiting Two Peoples Bay Reserve, there may be competition

with P. gilbertii for resources.

I. obesu/us is an opportunistic omnivore feeding mainly on invertebrates

(78%). These include the Scarabaeidae beetles (including their larvae),
Tenebrionidae larvae, earwigs, Hemiptera, aot pupae, bull aots and occasionally
small vertebrates (frogs aod lizards). These food items are generally hard bodied
aod are consumed in greater proportions thao aoy other food source throughout the
year (Quin, 1985; Broughton & Dickmao, 1991; Mallick et al., 1998). In addition
to insects, they also feed on plaot material (grasses, seeds, blackberries and clover
root nodules) and hypogeal fungi which are consumed in smaller quantities
(Mallick et al., 1998).
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Based on the broad range of invertebrate taxa consumed, /. obesulus is
considered qualitatively opportunistic with a preference for invertebrates above
other food types. When these food items are less avaiJable during winter, or when
the relative abundance of sporocarps is high during winter, /. obesulus wiJI
consume more fungi and plant material. This enables them to maintain positive
nitrogen balance (Mallick eta/., 1998). Since bandicoots are largely insectivorous,
competition with P. gilbertii for truffles is probably minimised.

3.6.4

Sub-Family Hypsiprymnodontinae and Potoroinae
The sub-family Potoroinae is represented by Potoroos and Bettongs. The

sub-family Hypsiprymnodontinae is represented by only one extant species, the
Musky rat-kangaroo (Hypsiprymnodon moschatus). H. moschatus mainly feeds on
fruits amongst the leaf litter. When fruit abundance is low, alternative food sources
such as invertebrates and epigeal fungi are consumed. It is the on! y member of the
rat-kangaroos with a simple stomach, closely resembling that of the Brush-tailed
Possum (Trichosurus vu/pecula) (Hume, 1999).

The subfamily Potoroinae consists of 10 extant species. All species have a
complex forestomach adapted to a high fungi diet. This subfamily consists of
Bettongs and Potoroos (Seebeck &Rose, 1989).
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3.6.4.1

Betlongia sp.
Bettongs and Potoroos are among the few animals to have developed

specific adaptations to consume fungi. Unlike the Family Peramelidae, Bettongs
and Potoroos have specialised foreguts to enhance the uptake of nutrients from

fungal material. This enables them to consume fungi in large amounts (Mcllwee &
Johnson, 1998).

Johnson and Mcllwee (1997) examined the extent of mycophagy in the
Northern Bettong (B. tropica). Using faecal analysis it was found that 50-90% of
their diet was hypogeous fungi. This finding concurs with those of southern

Australian species. The fungal species consumed mainly belonged to the Families
Basidiomycetes and Ascomycetes that form ectomycorrhizal associations with

Eucalyptus and Allocasuarina plants. The remainder of their diet consists of
grasses, lilies and roots and to a lesser extent, fruits, seeds and invertebrates.

Mcllwee and Johnson (!998) again used stable isotopes to ascertain diet
composition more accurately. This method measured the stable isotope ratio in

different foods consumed by Bettongs and Bandicoots compared with ratios of the
same isotopes in body tissue (sampled in hairs). The amount of nutrients
assimilated into body tissues was measured. Their results show that fungus was the

dominant source of assimilated nitrogen and carbon for B. tropica. In comparison,
the Northern Brown Bandicoot (/. macroura) obtained practically no nitrogen or
carbon from fungi. Much of the Northern Brown Bandicoot's nutritional
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requirements were obtained from highly digestible matter such as grasses, seeds
and invertebrates. Stable isotope analysis further highlighted the reasons why
Bettongs (and possibly Potoroos) depend on fungi (Mcllwee & Johnson, 1998).

Southern Australian species such as the Tasmanian Bettong (B. gairnardi)
and Brush-tailed Bettong (B. penici/lata) rely heavily on fungi but also depend on

other secondary food sources. Fungi such as Mesophellia species and Castoreum
tasmanicum are the most important taxa utilised by B. gaimardi (Johnson, 1994b).
Fungi overall accounted for over 70% of volume in faecal samples. Where

sporocarps are less available, B. gairnardi depends on dicot fruit, seeds, gum
exudates and invertebrates (Johnson, 1994a; Taylor, 1992). Where plant matter was

consumed, it was mainly dicotyledon material whereas B. tropica preferred the
thickened stem base of Cockatoo Grass (Johnson & Mcllwee, 1997).

fu B. penicillata, significant amounts of Mesoplzellia spores were identified.

Roots, tubers, leaf material and some arthropods constitute the minor dietary items
(Christensen, 1980; Lamont et al., 1985). In contrast to B. tropica where grasses
and roots were predominantly the secondary diet, southern Bettong species include
more fruit and seeds which may reflect the availability of secondary food sources.
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3.6.4.2

Potorous sp.
Members in this genus all have a well developed foregut. An enlarged

foregut has enabled Potoroo species to extensively consume hypogeal fungi

(Claridge et al.. 1996). With so few Potorous species, most of our dietary
understanding has come from P. tridacty/us (Claridge et al., 1993b; Claridge &
Cork, 1994) and more recently, P. longipes (Green et al., 1999).

P. longipes was first trapped in 1978 in north-eastern Victoria. Since then

the known population has increased to over 100 individuals. Study of its diet has
revealed that it is a specialised mycophagous manunal. Over 90% of its diet is
composed of hypogeal fungi with the remainder being invertebrate and plant
material. In the study of Green et al. ( 1999), no seasonal trend in diet was observed.
Fungus consumption was consistently high throughout the year. Instead, there were
differences in fungi composition. Mesophellia species accounted for 40% of dietary

intake during winter months. Where Mesophellia was less abundant, other species

such as Chamonixia and Castoreum were consumed more readily.

Unlike other Potoroos, P. longipes relies heavily on Mesophellia species all
year round. This high dependence may be due to rainfall. Average rainfall of each
month of P. longipes trapping was consistently high at 70nun (Green et al., 1999).
We know that sporocarp production is seasonal and coincides with high rainfall
during winter (Bennett & Baxter, 1989; Claridge eta[., 1993a). As a result, it is
probable that a consistently high rainfall has led to high sporocarp production
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enabling P. longipes to almost entirely depend on fungi. The consumption of
secondary food sources has probably been opportunistic rather than by P. longipes

actively seeking those food sources as evidenced by low faecal counts.

The Polaroid most closely resembling P. gilbertii in appearance is P.
tridactylus. The diet of P. tridactylus has been well documented since 1971. Guiler

(1971) studied the Long-nosed Potoroo (Potorous tridactylus apicalis) in Tasmania
using faecal analysis. Fungal spores averaged more than 65% by volume of faecal
matter during the months of May through to December. Other additional items such
as insects, grasses, sedges, herbs, seeds, bryophytes and fruits constituted only

minor and seasonal secondary components.

It is possible that the months not analysed by Guiler (1971) between
January and April may contain fungal spore volumes closer to 65%. This would
coincide with other work where production of sporocarps decreased during the

drier months resulting in a switch to alternative food sources. This is further
supported with a general fungi percentage decline towards the end of the year with
a low of 67.2% compared with winter months of 82.7% in June (Guiler, 1971).

Perhaps the most extensively studied, is the mainland Long-nosed Potoroo
(P. tridactylus tridacty/us) found in Victoria (Seebeck, 1981; Claridge et al.,

1993b; Claridge & Cork, 1994). One key aspect of the many studies has been its
diet. Faecal analysis has revealed that the mainland sub-species has a similar diet to
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the Tasmanian sub-species with the exception of a more distinctive seasonal shift.
Hypogeal fungi and seeds form more than 70% of the diet during winter months
(Bennett & Baxter, 1989). Claridge eta/. (1993b) identified 60 species of fungus in
the diet of P. tridacty/us at Cabbage Tree Creek and Bruce's Creek in Victoria.
Most species were hypogeal

or subhypogeal belonging to the Family

Basiodomycetes. The high consumption of fungi correlates with increased
sporocarp production during autumn and early winter.

During spring, fungus consumption decreases while seeds almost disappear
from the diet. The decreased abundance of fungi and seeds is compensated for by
the consumption of invertebrates, plant tissue and fleshy fruits. Invertebrates from
the Order Coleoptera (beetles and crickets) were most consumed. When available,
fleshy fruits of the creeper Bil/ardiera scandens and Cassytha pubescens were

readily ingested. Leafy tissues of grasses, sedges and small herbs were consumed in
small quantities all year (Bennett & Baxter, 1989; Claridge eta/., 1993b). Studies
on P. tridacty/us suggest that it too, like other Potoroos, has a seasonal diet.

Preliminary diet studies have been conducted on P. gilbertii by Syme
(1999) and Bougher (1998). Small sub-section analysis of the scat revealed that
fungal matter consisted of over 90% of the diet. The remainder comprised of
unidentifiable detritus. Almost all the fungi present were truffle-like or aboveground puffballs suggesting P. gilbertii actively seek these food items. Surveys of
subterreanian fungi in Two Peoples Bay has identified some fungal species seen in
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the Potoroo faeces with nutritional analysis of each species to follow. Like P.

/ongipes, P. gilbertii appears to exhibit high levels of mycophagy.

With so much data on mycophagous mammals, little is yet known about

their biology and the crucial roles they serve in ecosystem health. In Potoroid
animals, most of the work has concentrated on more commonly occurring animals
such as P. tridactylus. Knowledge is lacking on the more recently discovered
animals such as P. longipes and P. gilbertii. S•Jch a poor understanding of the

endangered Potorous species has made it vital that as much information as possible
can be gathered to aid in their conservation.
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4.0

MATERIALS AND METHODS

4.1

Study Site
The study was carried out on the slopes of Mount Gardner in Two Peoples

Bay Nature Reserve located 30km east of Albany (34°59'S 118° 11 'E) (Figure 4.1 ).
The reserve occupies an area of 4638 ha and is characterised by deep gullies, ridges
and exposed granite sheets (Hopper, 1981; Sinclair et al., 1995).

(
I

Figure4.1

Map of the Shire of Albany showing Two Peoples Bay Nature
Reserve.
(Department of Conservation and Land Management, 1995)
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The three main study sites examined were East Fire-Break (EFB), North
Fire-break (NFB) and Hakea. EFB and NFB are approximately 200m apart while
Hakea is about 1500m SW from EFB. The majority of faecal samples were
obtained from these study sites. Additionally, faecal samples were also obtained

from West-6 and Lower Gully while two faecal samples were collected in

Robinsons.

The vegetation pattern through the three main study sites is patchy. Study
sites covered many different vegetation types including; heathland with sedgeland

(Melaleuca and Dasypogon spp.); sedgeland (Anarthria and Dasypogon spp.);
woodland with heath!and (Allocasuarina and Eucalyptus spp.); forests with open
heathland (Eucalyptus and Banksia spp.) and tall forest with open heath!and

(Agonis and Hibbertia spp.) (Vetten, !996).
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4.2

Climate Conditions In Albany
Sampling was discontinuous with samples obtained in 17 of the 25 months

(notably no May samples) between September 1998 and September 2000. The
average annual rainfall over the 25 months was 919.9mm. This exceeds the
published average annual of 802.8mm. Winter months (June-August) received over
90mm while summer months (December-February) may receive less than IOmm of
rainfall (Table 4.1). With the inclusion of May, the period of faecal collection
recorded more rainfall than that of the seasonal long-term rainfall patterns
experienced in Albany.

Table4.1

Observed Rainfall (mm) in Albany during the Faecal
Collection Period (1998·2000)

Months
Year Jan. Feb. Mar. Apr. May June

1998
1999 27.0 9.6

July Aug. Sept. Oct. Nov. Dec.

109.0 72.4 26.4 32.4
37.0 10.2 154.8 169.8 94.6 109.6 116.4 105.8 24.8

10.6

2000 50.4 34.2 93.2 53.6 84.4 115.6 168.0 113.6 93.0

Mean 38.7 21.9 65.1 31.9 II9.6 142.7 131.3 111.6 106.1 90.0 25.6 21.5
(Western Australian Bureau of Meteorology, pers. comm.)
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4.3

Trapping Procedure
Small Sheffield wire cage traps were set in the afternoon and baited with a

combination of peanut butter, oats and artificial pistachio nut essence rolled into a
ball. A hessian bag was used to cover the traps to reduce stress and provide shelter
for the animals. All traps were checked early the following morning to also

minimise stress. Previously caught Potoroos were identified by scanning an
implanted

identification

chip.

Unidentified

animals

were

inserted

with

identification chips. Animal handling and identification tagging was performed by
Dr. J.A. Friend (CALM Principal Research Scientist). Animals trapped were
recorded from each study site (Table 4.2).

Tab/e4.2
Animali.D.
23*
24
25
26
34
37
38
39
40
42

44
45
48
50
51
52
Total

Frequency of Potoroos trapped from six Study Sites
Sex
F
M
F
M
M
M
F
M
M
F
M
M
M
F
F
M

EFB

NFB Hakea Robinson West-6

2
13
7
8

Lower Gull~

I
I

5

I

I
I
I

I

I
4
9

I
3

I
I

43

2

I
I
16

1

1

1

*Extra trapping site unknown
+Identity of extra Potoroo trapped in EFB unknown
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4.4

Faecal Collection and Sampling Regime
Faecal samples were collected between June and early September 2000.

They were collected from under traps containing Potoroos and were immediately
air dried to prevent spore germination. Each dried sample was stored in plastic
sealable bags and labelled with the date, animal ID, trap number and sex of each
individual. Further material collected over the period September 1998-March 2000
were made available by Dr. J.A. Friend (CALM Principal Research Scientist) for
this study (Table 4.3).

Samples from Lower Gully, West-6 and Robinsons were not treated
separately as few samples were obtained from each site. Jnstead, samples from each

of these sites were incorporated into the collective data analysis. Substantial faecal
samples were however, collected from EFB (41) and Hakea (16). Six faecal
samples were collected from site NFB which were also included in the analysis.
There was a total sample size of 66 faeces.

TheN o. of Faecal Samples collected from each site for each

Table4.3

month covering 1998-2000.
Months
Study
Site
EFB
NFB
Hakea
West6
LG
Rob.
Total

J

F

M

A

I
I
I
I

10
3

6

I

M

J

J

A

s

0

N

D

I

6

5

2

5

6
I
4

4

2

3

2
I
I

11

4

3

9

4

I

I

4

14

6

1

0

I
4
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4.5

Fine Fraction Analysis
Preliminary microscopic examination suggests that spores were thoroughly

mixed throughout the faecal pellet. Identification of spores were made by slicing a
lmm x lmm sub-section from each end of the dried pellet. One sub-section was

rehydrated with several drops of 3% KOH and crushed in a mortar and pestle. A
drop of this mixture was directly mounted onto a slide and examined under an

Olympus compound light microscope at 630x magnification. KOH reacts with
some fungal spores to produce a colour change aiding in their identification.

Several drops of distilled water were added to the other sub-section which was then
ground by mortar and pestle. A drop of the mixture was placed onto a glass slide

and mixed with one drop of Melzer's stain. Melzer's stain aids spore identification
by producing two colour changes; a blue colour change (amyloid) or a brown
colour change (dextrinoid). Some spores remained hyaline. The preparation was
allowed to stand for several minutes to maximise staining of spores (Bougher,

1998; Syme, 1999).

It was not possible to identify all spores to species level because (i) spores

could be damaged during digestion or grinding, (ii) spore morphology can be
similar between species and (iii) some spores are yet unidentified (Bougher, 1998;
Syme, 1999). Unidentifiable spores were described (by colour, shape, size and
ornamentation) and assigned a number for future taxonomic identification (Table
8.1 ). Two slides were examined for each faecal sample with 10 fields of view for
each slide. Spore types were recorded by indicating presence or absence.
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4.6

Coarse Fraction Analysis
The remaining faecal fragment was ground with 70% ethanol in a mortar

and pestle. The resulting slurry was washed through a

125~m

x

125~m

sieve

(Endocott Test Sieve). The remaining fragments on the sieve were collected using a
2ml pipette and placed on two drops of ethanol on a glass slide. The mixture was
suspended in three drops of 30% glycerol and examined at lOOx magnification.
Two slides were examined for each faecal pellet. On each slide, 20 random fields of
view were selected and the percentage cover of each food type was estimated. A

central cross divided the field of view into four quarters producing manageable
sizes. The smaller field of view size made percentage cover estimations more
accurate (to the nearest 5%). The percentage cover of each dietary item was

calculated as a mean over the 40 fields of view. The dietary categories identified
were fungi, plant, invertebrates, sand and spores (spores that were not washed

through the sieve) (Green et al., 1999).

4.7

Statistical Analysis
Two types of statistical tests were employed to accommodate the format of

the data. A One-Way Analysis of Variance (ANOVA) was used to separately
compare the average number of fungal species between seasons and study sites.

The data recorded for coarse dietary items were expressed as proportions
(%).As the use of ANOVA testing assumes normal distribution and homogeneity
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of variance, to conform to these assumptions, the data was transformed using arcsin
(inverse sin) as follows;

arcsin (Vee//)
57.295
The data was transfonned into radians (division by 57.295) which could
then be applied to ANOVA testing (Ott, 1993). Post-Hoc tests (Tukey's B and

LSD) were used to compare the fixed factors (site, sex and season) to dependent
variables (dietary items).

4.8

Experimental Considerations
Faecal analysis is an ideal method of detennining diet without inflicting

stress upon or sacrificing large numbers of animals as in stomach observations and
regurgitation methods (Christensen, 1980; Ure & Maser, 1982). Due to the small

population size, stomach analysis by natural or accidental death (i.e. age, predation
and road-kills) was not feasible.

An assumption of faecal analysis is that the food consumed will be similar
to that excreted. The main problem with this theory, as outlined in many other diet
studies (Bennett & Baxter, 1989; Claridge et al., 1993b) is that it overestimates
indigestible items (e.g. fungal sporocarps and spores) and underestimates readily
digestible matter (e.g. plants and invertebrates) (Claridge et al., 1993b).

44

Guiler (1971) however examined the stomach content of the Long-nosed
Potoroo (P. t. apicalis) along with faecal analysis, and concluded that both

techniques produced similar results. Similarly, it was concluded by Dickman and
Huang ( 1988), after analysing the stomach content and faeces of a shrew and three
dasyurid marsupials that faecal analysis was a relatively reliable method of

detecting hard-bodied insects, but unreliable for estimation of soft-bodied insects.
Based on these observations, there was reasonable confidence in the faecal analysis
techniques used in this study.

The difficulty in identifying spores was one of the main limitations of this

study. Spores were tentatively identified based on descriptions and illustrations by
Bougher (1998) and Syme (1999) and from other Potoroid studies (Beaton et. al.,
1983; Beaton et al., 1985; Claridge & May, 1994; Trappe et al., 1996). The fungal
species that were confidently identified have been matched to the fungi in the

faeces of other Potoroid studies.

An assumption to this study is that Potoroos do not move between study

sites. This will ensure accurate dietary and fungal comparisons between sites.
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5.0

RESULTS

5.1

Overall Composition of Faecal Pellets
Five main food items were identified in the faecal pellets of P. gilbertii.

Fungal matter was the main dietary item identified. The classification of fungal
material includes unidentifiable detritus material, fungal hyphae and sporocarp
fragments which were often difficult to distinguish due to spore conglomeration.
When combined with fungal spores, fungal matter account for a total of 93.8% of
the faecal material by proportion (Figure 5.1).

Plant, invertebrate matter and sand comprise the remainder. Plant material
identified includes vessels, monocot roots, woody dicot roots and occasionally,

seeds. Preliminary examinations uncovered two woody seeds appearing to be of
Epacridaceae origin, which could be a Leucopogon sp. (Plate 5.1) and Astroloma
sp. (Plate 5.2). Another unidentified seed was observed in only one faecal sample
(Plate 5.3). An additional seed type found was small, circular and brown with a
textured epiderntis that has been identified as that of Solya heterophylla (Plate 5.4).
These plant items in the faecal pellet were recorded at a mean of 2.4%
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Invertebrate matter such as nematodes, soil mites and large arthropods were
found less frequently constituting only 1.6%. Sand most likely entered the digestive
system by accidental consumption, or was attached to faecal samples during
collection. For these reasons, sand particles are considered of low significance and
will not be discussed further.

• Detritus and Fungal Sporocarps
DP!ant

0 Invertebrates
C!Sand

C1 Spores

Figure 5.1

Dietary composition of faecal samples combined across all study
sites
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Photo by A. Cochrane

Plate 5.1

An Epacridaceae seed resembling a Leucopogon sp.

Photo by A. Cochrane

Plate 5.2

Another Epacridaceae seed resembling an Astroloma sp.
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Photo by A. Cochrane

Plate 5.3

Smooth, white seed appearing similar to a tuber.

Photo by A. Cochrane

Plate 5.4

The more commonly identified seeds of Solya heterophyl/a
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5.2

Comparison of Diet between Seasons
When compared over the sampled period, the proportion of fungal material,

including spores, was consistently high (>90%) throughout the year (Figure 5.2).
Faecal pellets sampled in autumn had the greatest percentage of fungal matter with
94.5% obtained from a small sample size (7). Samples in winter recorded a slightly
lower proportion of fungal matter with 93.2% and there was little change recorded
in spring and summer with faecal samples consisting of 93.7% and 93.8%
respectively.
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Average Percentage of Dietary Items in the Faeces
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Plant content also varied little. Faecal samples collected in winter (2.8%)
contained more plant material than spring (2. 7%) and summer (2.6% ). Samples in
autumn had the lowest proportion of plant material with 1.8%.

Invertebrate matter was the other minor dietary item. Values were greatest
in winter samples with an average volume of 2.3% per sample while faeces in

autumn contained 1.1 %. The variations observed between these two seasons were
significantly different (P=0.046), while comparisons between the remaining
seasons did not uncover any further differences (Table 8.2-8.4).
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5.3

Comparison of Faeces from Different Sites
The fungal matter in the faecal pellets collected in NFB was highest with

94.9% (Figure 5.3). Faecal samples from EFB and Hak:ea also had high fungal
content with 93.6% and 93.0% respectively. However, plant and invertebrate
material comprised less than 4% of the volume of a faecal pellet. Faeces collected
from Potoroos in Hakea contained the highest plant content with 3 .1% while
samples from EFB and NFB contained 2.5% and 2.1% respectively.

The proportions of invertebrate material followed a similar trend. Faeces
obtained from Hak:ea had the highest average volume of invertebrate material at
2.5% followed by EFB with 1.7% and NFB with only 0.8%. A comparison between
Hak:ea and NFB indicates a difference in invertebrate content (P=0.042). However
there was no difference when the invertebrate material of these two sites were
compared with EFB (Table 8.4).
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Figure 5.3

Mean Faecal Dietary Proportions from the Three Main Study
Sites.
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5.4

Faecal Analysis of Males and Females
Comparisons between males and females show that the faeces of both sexes

have similar dietary composition that was not statistically significant (Figure 5.4).
The proportion of fungal matter in the faeces of both males and females was similar
at 93.6% and 93.9% respectively. Plant and invertebrate material was also present
in low quantities. Male faeces were found to have less plant matter (2.5%)
compared to females (2.9%). The proportion of invertebrate material in the faecal
samples for both sexes was 2.7%.
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5.5

Diversity of Fungal Species in the Three Main Study Sites
An examination of site Hakea shows that it had the highest mean number of

fungal species (14.2) compared to EFB (12.4) and NFB (10.8). A comparison
between Hakea and EFB suggests the faeces collected in both sites had significant
differences in number of fungal species (Fvalue=6.33, P=O.Ol, Fcnt=4.02) (Figure
5.5). Likewise, comparisons between NFB and Hakea (Fvalue=6.98, P=0.02,
Fcrit=4.35) also had different numbers of fungal species. Sites EFB and NFB had
similar fungal species numbers (Fvalue=2.90, P=0.09, Fcrit=4.06. Comparisons
between all three sites indicate that Hakea is different to EFB and NFB.
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5.6

Comparison of Spore Species Between Seasons
Faecal samples collected over the four seasons show no differences in

fungal species composition. The average number of fungal species per faecal pellet
in each season had a range of 12 to 14 species (Figure 5.6). Faecal samples in
autumn had the highest fungal diversity with an average of 13.8 species per faecal
pellet. Samples collected in summer show the lowest fungal diversity with a mean
of 12.0 species per faecal pellet. Winter and spring samples had means of 13.0 and
13.1 species per faecal pellet respectively.
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5.7

Analysis of Fungal Species Between Sites
There was no significant relationship between study sites and fungal species

identified (Table 5.1). The fungal species found in Hakea were similar to those
identified in EFB. Site NFB had fewer fungal species but that could relate to the
low number of faecal samples. Sites West-6, Lower Gully and Robinsons have also
been included in Table 5.1 to illustrate the fungal species identified in those faecal
pellets.
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Table 5.1

Spore types recorded In faecal pellet• collected from
six study sites arranged from most frequent to least.

Spore Type

Mesophellia sp.
Hysterangium sp.
Elaphomyces sp.
Sp.l

Descomyces sp.
Thaxterogaster or
Cortinarius sp.

Castoreum tasmanicum
Quadrispora sp.
Sp.l4
Sp.6
Sp.S

Hydnangium sp.?
Sp.24
Sp.2

Austrogautiera
Manjimupana
Boletellus sp2.
Sp.9

Alpova lignicolor?
Sp.28

Gummiglobus sp.
Sp.lO
Sp.l3
Sp.l5
Sp.l7
Sp.23
Sp.32
Sp.26

Mesophellia trabalis?
Sp.4
Sp.S
Sp.20
Sp.l2
Sp.l6
Sp.30
Sp.3

Austrogautiera sp.
(Brown)

Boletellus spl.
Sp.29
Sp.IS
Sp.25
Sp.31

Hysterangium injlatum
Endogene sp.
Sp.34

EFB

NFB

•
•
•

•
•
•
•
•

•
•
•
•
•
'
•

•

•
•
•
•
•

*

•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
*
•
•
•
•

•

•
•
•

•

•

•

•

•
*

Study Sites
Hakca
West-6

•
•

•
•

•
•

•
•
•
•
•
•
•
•
•

•
•

•

•
•
•
•
•
•

•

Lower Gully

•

•

•
•

•

•
•
•

•

•
•

•

•
•

•
*
•
•
•

•

•
•
•
•
•

*
*

•
*
*

*

•
•

•
•

•
•

*

•

Robinsons

•
*

•

*
*

*

*

•
•
*

•
*

•

•
*

*

•

57

5.8

Overall Fungal Species Observed in Faecal Samples
A large proportion of faecal samples examined consistently contained the

same fungal species. Of the 43 fungal species identified, 11 appeared in more than
50% of samples (Figure 5.7). The genus Mesophellia and Hysterangium featured in
all 66 faecal samples and both belong to the Division Basidiomycota. Elaphomyces
sp. was observed in 65 faecal samples with only one sample (collected in July) not

containing this species. Interestingly, the same animal was trapped the day before
with an Elaphomyces sp. detected in the faeces. The other abundant fungal spore to
occur in more than 60 samples was Spl (95.5%). Both Elaphomyces sp. and Sp.l
belong to the Division Ascomycota. These species all possess truffle-like fruiting

bodies (Bougher, 1998).

Seven other fungal spore types were identified in more than 50% of faecal
samples. These include Descomyces (86.4%), Thaxterogaster!Cortinarius (81.8%),

Castoreum tasmanicum (75.7%), Quadrispora (59.1 %), Sp.l4 (56.\%), Sp.6
(54.5%) and Sp.5 (51.5%). All other fungal spores were found in fewer than 50%
of faecal samples.
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Figure 5.7

Percentage of Fungal Spores arranged from the least, to the most
frequent in faecal samples
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5.8.1

Seasonal Effect of Fungal Species in Faecal Samples,
When fungal spores were compared over four seasons, some were

consistently present in the faeces while some appeared to exhibit seasonal variation.
The fungal genera Mesophellia, Hysterangium, Elaphomyces and Sp.l were
prominent in all summer faecal samples (Figure 5.8). The genus Descomyces

an~

Thaxterogaster also occurred in high numbers but were only found in 59% and
51% of all sununer samples respectively. In other seasons, they were detected in
over 70% of the faecal samples.

The majority of fungal species displayed some seasonal variation. Some
species such as Castoreum tasmanicum, Sp.6 and Sp.2 were detected more

frequently in summer/autumn (Figure 5.8 & Figure 5.9) than winter/spring. These
spores were also recorded in winter (Figure 5 .I 0) and spring faecal samples (Figure
5.11) but occurred in lower percentage of faecal samples. Conversely, some fungal
spores such as Quadrispora, Hymenogaster and Sp.24 were observed more

frequently in winter/spring than the drier months of summer/autumn.

In Figures 5.7-11, fungal spores are shown in order of decreasing
percentage occurrence in the pooled faeces. Those fungal spores ranked lower than
Gummig/obus, were found in fewer than 40% of faecal samples in all season
(Figure 5.7). Most spores such as Sp.32 and Sp.26 displayed seasonal variations
with greater spore abundance in winter as suggested by the frequency in samples.
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Figure 5.8

Percentage of Faecal Samples collected in Summer with Specific
Fungal Species
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Percentage of Faecal Samples collected in Autumn with Specific
Fungal Species
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Figure 5.10

Percentage ofFaecal Samples collected in Winter with Specific
Fungal Species
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Percentage of Faecal Samples collected in Spring with Specific
Fungal Species
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6.0

DISCUSSION

6.1

Main Dietary Components
Faecal analysis has confirmed fungi as the main dietary component of

Gilbert's Potoroo (Bougher, 1998). Fungal matter was found to comprise over 90%
of the diet throughout the year while plant and invertebrate material were found
less frequently (Figure 5.1). These findings coincide with the results of other
Polaroid studies and suggests that P. gilbertii is primarily mycophagous with a
\dietary requirement similar to P. longipes (Guiler, 1971; Christensen, 1980; Green

et at.. 1999).

Studies of other Potoroids have identified flowers and leaves as the primary
plant component with roots and tubers found in smaller proportion (Bennett &
Baxter, 1989; Taylor, 1992). In this study, flowers and leaves were not identified,

however roots and stems were c:ommon. The predominance of root material in the
plant dietary component would suggest that P. gilbertii does not actively forage for
plant material, but that root material is consumed opportunistically or concurrently
with fungal matter.

Seeds were occasionally found in the faecal samples of P. gilbertii in this

study. Other Potoroids have a greater reliance on fruits and seeds. The Tasmanian
Bettong (Bettongia gaimardi), for instance, has a seasonal diet that includes dicot
fruits, which it consumes more readily during periods of low fungal productivity
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(Johnson, 1994a). In the Long-nosed Potoroo (P. t. tridactylus), the dietary role of

seeds is more important. Combined with hypogeal fungi, it contributes more than
70% to the diet during autumn and winter (Bennett & Baxter, 1989). Fruits and
seeds in the diet of P. longipes are of marginal importance (Green et al., 1999).

Invertebrate material was found in smaller quantities than plant material,
comprising a mean of 1.6% of a faecal pellet. Soil invertebrates identified include
nematodes, soil mites and other larger arthropods. Of these, only large arthropod
fragments provide substantial evidence of active invertebrate consumption.

Fragments of mandibles, segmented legs (Plate 6.1) and chitinous exoskeletons
possibly originating from beetles (Order Coleoptera) were identified. The low
occurrence of arthropods in the faeces throughout all seasons may suggest

opportunistic feeding. Soil mites (Order Acarineae) and nematode worms (Phylum

Nematoda) have not been mentioned in other Potorous diet studies (Claridge et al.,
1993; Claridge & May, 1994). These items may have been accidentally consumed
during the consumption of sporocarps or originating from the symbiotic gut fauna.
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la)

2b)

250J..1rn

250J..1m

400J..1m

Plate 6.1

Some of the fragments of arthropod and plant material identified in

the faeces of P. gilbertii. la) segmented leg; 2b) mandible and 3c) cellular plant
material.
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The high fungal diversity at site Hakea in comparison to NFB and EFB
(Figure 5.4) may be attributed to topography. Within Hakea are two gully systems
while study sites EFB and NFB are located along gentle slopes. If these gullies in

Hakea remain moist throughout the year, it could provide an ideal microclimate for
the growth of many fungal species and account for the relatively high genetic

diversity found there.

Fungal collections carried out in Two Peoples Bay has found tall forest
types dominated by Bullich (Eucalyptus megacarpa) and Macri (E. calophylla) to

contain the greatest diversity of fungi. These areas are abundant with the fruiting
bodies of Gummiglobus sp., Castoreum sp. and Thaxterogaster luteirufescens.

Surveys in woodlands and other forest types have found Elaphomyces sp. and

Hysterangium sp. to occur abundantly. Fewer species were discovered in
Melaleuca striata sites where this study was conducted. Field collections have

matched some of the fungal species contained in the faeces of P. gilbertii. These
surveys suggest that forest type have the greatest diversity of fungi species but not
necessarily the most abundant (Syme, 1999).

Claridge et al. (!993a) surveyed gullies, midslopes and ridges in Victoria
and found the three sites to contain different species of fungi. Those with hard
peridia fruited on slopes while those with soft peridia tend to fruit in gullies.
Habitat selection appears to vary among fungal species (Harley, 1969).
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Only six species of fungi identified were found in greater than 80% of
faecal samples. These range from Mesophel/ia sp. to Thaxterogaster sp. (Figure
5.7) and all produce truffle-like fruiting bodies. Most of these fungal species (with
the exception of Sp.l) produce sporocarps in all months (Bougher & Syme, 1998).
These six species make up an important component of the fungal diet throughout

the year. It may be the persistence of these species in the environment is partially
attributed to sporocarp physiology. Their ability to resist desiccation makes them

more available as a food source.

The contamination of faecal pellets by peanut butter baits did not appear to

be a problem. Animals were given small quantities and given the long retention
time of digesta to mix (usually >24hrs), the detection of bait was minimised
(Hume, 1999). The possible long retention time also enabled accurate faecal

examinations of previous feeding times as animals trapped were prevented from a
full night of foraging.

The faeces of P. tridactylus contained seven fungal taxa that were also
found in P. gilbertii (Claridge et al., 1993b). In Western Australia, the faeces of the
Brush-tailed Bettong (B. penicillata) contained the fungal genus Mesophellia and
Martellia (Christensen, 1980) which were also identified in P. gilbertii (Bougher,

1998). These similarities suggest that the main fungal genera consumed by Potoroid

species are similar.
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One of the underlying assumptions of this work was that the range of
animals does not overlap into another study site. However, the study shows that
animals have been caught in two different study sites. Potoroo #40 and #37 were
caught in sites NFB and EFB. Similarly, Potoroo #39 was trapped in Robinsons and
EFB. Trapping records suggest that Potoroos occasionally travel between study
sites, especially those in close proximity (e.g. EFB and NFB). Therefore, faecal

samples may not be confined to one study site. This may also help to explain the
similarities in fungal diversity between the study sites of EFB and NFB compared

to the more remote Hakea.

6.2

Diet Relationship to other Potoroids

The diet of some Potoroid species such as B. penicillata, B. gaimardi and P.
tridactylus depends on the seasonal availability of food. Fungal consumption is

greatest during winter when high levels of precipitation create ideal conditions for
the growth of sporocarps (Christensen; 1980; Taylor, 1992; Claridge et al., 1993a).
During the dry months of summer and autumn when sporocarp availability
diminishes,

alternative

food

sources

become

important.

These

include

invertebrates, plant matter, fruit and seeds (Claridge et al., 1993b; Claridge & Cork,
1994).

Sporocarp production has often been associated with rainfall, therefore
affecting fungus consumption. The average rainfall at site Orbost, Victoria during
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the study by Green eta/. (1999) was 853.7mm with a summer monthly avemge of

greater than 50mm. Albany has a similar annual rainfall but with dryer summers
(Table 4.1). Consequently, it might be expected that P. gilbertii also has a seasonal

diet to correJate with the low production of sporocarps. Yet, consumption of fungi
remains high all year. It may be that dry summers contribute to a low abundance of
plant and invertebrate material within the reserve, or that water accumulation at the
base of granites makes soil conditions favourable for the production of hypogeal
fungi.

The faeces of P. gilbertii consistently contained the fungal genera

Mesophel/ia, Hysterangium, Elaphomyces and Sp.l all year with other species

consumed seasonally. The growth of the first three of these genera in all months
(Beaton eta/., 1985; Trappe eta/., 1996) provides P. gilbertii with a reliable food
source while other fungal

species

that grow

seasonally

are consumed

opportunistically. The fruiting bodies of some Castoreum sp., Hydnangium sp. and
Endogone sp. have been collected in summer (Taylor, 1992).

P. gilbertii and P. longipes have been demonstrated to have unique diets.
Both Potoroo species have been found to consume large amounts of fungi

throughout the year. Green eta/. (1999) found P. /ongipes at Bellbird, Victoria to
have a diet comprising 91.2% fungus. Invertebrate and plant material were the
minor items with 5.0% and 4.0% respectively. Green et al. (1999) suggested the
consistently high intake of fungal material by P. /ongipes was due to a change in
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fungal species consumed coinciding with fungal availability. During winter, P.

/ongipes was found to feed abundantly on truffle-like fungi close to the soil surface.
As moisture in the soil decreases, alternative fungal genera such as Mesophellia

become important. Mesophellia sp. produce fruit relatively deep underground and
their hard periderm resists desiccation (Figure l.l) (Claridge et al., 1993a). This
enables the fungus to grow abundantly all year round. Instead of altering its diet to
accommodate the availability of other food items, it appears P. /ongipes and P.

gilbertii maintains a high fungal intake by consuming other fungal species (Green
et al., 1999).

6.3

Considerations for Captive Diets and Translocation Sites
A diet consisting predominantly of truffle-like fungi is difficult to

manipulate in captivity and therefore several problems arise. The captive animals

cannot be sustained on subterranean fungi as they are difficult to locate in the field.
Instead, an alternative diet similar to P. /ongipes was formulated (Courtenay,
!998). However P.gilbertii is clearly not successfully reproducing and maintaining
adequate health. To further improve on these areas, this study has identified the
primary dietary items and to a lesser extent, the fungal species consumed by P.

gilbertii. A nutrient analysis of each dietary item will aid in identifying alternative
foods of similar nutrient

q<~antity.

Even before such a study can commence, the

species of fungi in the faeces must be identified and relative abundance determined.
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Little information exists on the fungi of Two Peoples Bay. Opportunistic
collections of fungi has only identified a hand full of the species contained in the
faeces of P. gilbertii (Syme, 1999). Further collections to identify the ecology of
the four main fungal genera (Elaphomyces sp., Mesophellia sp., Hysterangium sp.
and Sp. I) consumed by P. gilbertii could be incorporated into the captive diets.
This study has identified four main fungal genera and if these fungal species are

abundant and easily located, adding these species to the captive diet may improve
animal health and reproduction.

The diet of P. gilbertii has been demonstrated to closely resemble that of P.

longipes (Green et al., 1999). The key issues identified in the recovery of P.
longipes, in terms of diet were food abundance and suitable vegetation (Saxon et

al., 1994). The recovery plan of P. gilbertii has also included dieback as a
consideration (Courtenay et al., 1998).

The availability and abundance of fungi appears to be influenced by a
combination of factors including moisture, vegetation, soil types and even the

ecology of the fungal species (Harley, 1969; Saxon et al., 1994). Johnson and
Mcllwee (1997) noted that the distribution of B. tropica into dry forest types was
limited by a decrease in fungus availability during summer months. This is
important as it may restrict suitable Potoroo habitat to areas of high rainfall.
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Introduction of P. gilbertii into new habitats would require further research
into the availability and abundance of hypogeal species. Identification of palatable
fungal species could be achieved by examining the faeces of other known

fungivorous animals such as B. penicillata or B. Iesueur residing within the new
area. Detennination of fungal abundance is more difficult given the subterranean
nature ofhypogeal sporocarps and the influence of vegetation types (Claridge et al.,
1993b).

Habitat selection is also a key consideration that is directly linked with
fungal availability. Vetten (1996) reported that P. gilbertii utilised a variety of
vegetation types including heathland, sedgeland and low woodland. Animals were

also found to spend considerable amounts of time under open canopy but within
dense shrubland. The microhabitat use of P. gilbertii is similar to the requirements
of other Potoroid species (Kitchener, 1973; Seebeck, 1981).

In forests, prescribed burning and logging are common practices that may
stimulate sporocarp production, could also alternatively reduce fungal diversity and
abundance (Claridge eta[., 1993a; Claridge et al., 1993b). Logging contributes to
the reduction of fungal sporocarps through several means. The removal of
mycorrhizal forming plants inhibits the growth of some mycorrhizal forming fungi.
The compaction of soil by heavy machinery also reduces fungal growth by

decreasing soil porosity. As a result, water penetration into the soil is reduced,
directly affecting the production of fruiting bodies. This is particularly important to
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fungal species growing deep below the surface where water availability is less. Soil
compaction is also damaging to fungal species growing subsurface which are

directly affected by heavy vehicles (Greacan & Sands, 1980; lncerti et al., 1987).

An investigation by Claridge et al. (1993b) into the production of
sporocarps in a mixed and regrowth Eucalyptus forest found similar results. The

regrowth stand underwent numerous disturbances including wildfires in the early
1970's (also logged) and another in 1980. Fungal diversity was detennined by
examining the faeces of P. tridactylus in both sites. It was

fo~otd

that the faeces

collected from the multi-aged forest contained a greater diversity of fungal species
than faeces collected in the regrowth area, although diversity was high in both

areas. The: loss of fungal diversity has important ramifications when managing a
specialist mycophagist such as P. gilbertii.

A feature of Two Peoples Bay Nature Reserve is the absence of fire and
logging, which has aided the establishment of a wide assortment of vegetation
types. Surveys have identified 33 plant communities broadly consisting of forests,
woodland, scrub, health, swamp margins and mallee (Department of Conservation
and Land Management, 1995) with forests harbouring the greatest diversity of
fungi species (Syme, 1999). Not only has the vegetation provided an adequate
nticrohabitat for P. gilbertii, but also the growth of hypogeal fungi.
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The future transition of animals into their former distribution along coaslal
areas of Western Australia would require an all year round supply of truffle-like

fungi. However, human impacts upon landscapes and altered vegetation patterns
may limit potential translocation sites to reserves situated along the extreme southwest of Western Australia.

6.4

Conclusion

Other Potoroo and Bettong species around Australia exhibit a seasonal shift
in fungal intake. Only P. longipes and P. gilbertii show a diet rich in hypogeal
fungi throughout the year. The current study provides evidence that P. gilbertii's
diet more closely resembles P. longipes than that of P. tridactylus. Further research

could focus more directly on the ecology of the various dietary items as such
knowledge would contribute to an understanding of P. gilbertii ecology.

Specifically, such studies might include;

I.

Continuation of previous studies into matching the fungal spores identified
in the faeces with fruiting bodies collected within Two Peoples Bay and
identifying the systematic relationship of each (Syme, 1999).

2.

The effects of dieback (P. cinnamomi) on palatable fungal species,

abundance and microhabitat use.
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3.

Identifying the abundance and peak production of fungal sporocarps for
each species and correlating these with those found in faecal samples.

Studies aimed more directly at P. gilbertii could include:
•

Determining whether P. gilbertii is able to consume other fungal species in

other habitats or to utilise other food resources during periods of low
production of fungi.
•

Competition of resources with other marsupials residing within the reserve.

•

Surveying translocation sites potentially suitable for Potoroo habitation
taking into consideration vegetation, fungal diversity, fungal abundance and

predators.
•

Nutritional analysis of palatable fungal species to improve captive diets.

Perhaps of most immediate relevance to the reported work, however, might
be to investigate the nutritional contribution of each dietary item to identify
alternative foods of equal nutrition. This would be a major contribution to maintain

captive animals and to also safeguard P. gilbertii through translocation.
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8.0

APPENDIX

Table 8.1

Catalogue of Spores Identified in the· Faeces of P. gilbertii

Fungal Identification

Image

Description
Fusoid, smooth walled, hyaline in
Melzer's Stain (MS) and KOH,

Mesophellia sp.

attachment scar at one end
(Basidiomycota), 10-15 x 5-81J.
(Bougher, 1998)

Fusoid, smooth walled with a large
wrinkled perisporium, hyaline in

Hysterangium sp.

both MS and KOH, attachment scar
at one end, 10-15 x 5-81J .
(Bougher, 1998)

Circular, minutely ornamented,
hilar appendage absent, brown in
KOH and changing to a darker

Elaphomyces sp.

brown in MS, 10-151J all around.
(Bougher, 1998)

Small, rod-shaped, smooth walled,
hilar appendage absent, hyaline in
Sp.1

KOH and MS, 5-10 x 2-5!1.
(Bougher, 1998)
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Fun al Identification

Ima e

Identification
Citriniform, attenuated apex at both
ends, appeared smoothed, hilar
appendage absent but Bougher

Descomyces sp.

(1998) noted large hilar
appendages, brown in KOH while
darker brown in MS, 15-20 x 510!-L (Bougher, 1998)
Verrucose, asymmetric without
perisporium, large hilar

Thaxterogaster sp.

appendages, brown in KOH and
MS , 10-15 X 5-lOfl .
(Bougher, 1998)

Ellipsoid, asymmetric, large
wrinkled outer wall layer, hyaline

Castoreum
tasmanicum

in KOH and pale brown in MS, 1520 X 5-lOfl.
(Bougher, 1998)

Verrucose, spores occurring in
clusters of four, hilar appendages

Quadrispora sp.

large, bright brown in KOH,
appearing yellow in MS , 10-15 x 510!1 (Bougher, 1998).
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Fun al Identification

lma e

Descri tion
Rod-shaped, smooth, thin walls, has
two central dark nucleus, no

Sp.14

perisporium, hyaline in KOH and
MS, 8-12 X

4-6~.

(Bougher, 1998)

Large globose, broadly fusiform,
smooth walled, no ornamentation,
Sp.6

brown in KOH, dark brown in MS,
15-20 X

8-12~.

Spherical, wrinkled walled, no
ornamentation, not dextrinoid in
Sp.5

MS and hyaline in KOH,

6-12~

Spherical, large hilar appendage,
remnant attaching node present,
Hydnangium -sp.?

hyaline in KOH and MS, 7-121J..
(Beaton et al., 1983)

Fusoid, smooth walled, no
ornamentation, has a central dark
Sp.24

nucleus, green in KOH, light brown
in MS, 13-17 X

5-9~.
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Fun al Identification

Descri tion
Fusoid, smooth walled, presence of
a mid-ridge running the length of

Sp.2

the spore, hyaline in KOH and MS,
8-12

X

3-8J.t.

Fusoid, attenuated at apex,

Austrogautiera

longitudinal ridges along length of
spore, wrinkled perisporium, hilar

manjimupana or A.
chlorospora.

appendage large, hyaline in both
KOH and MS, 10-15 x 5- lOJ.!.
(Bougher, 1998)
Fusoid, thin and elongated,
appeared smooth walled, hilar

Boletellus sp2.

appendage minute, green in KOH,
18-22 x 5- lOJ.! (Claridge & May,
1994).

Curve rod-shape, smooth, thinwalled, no perisporium, hilar
appendage absent, hyaline in both
Sp.9

KOH and MS, 10-12 x 4-6J.t.
(Bougher, 1998)
Broadly fusiform, smooth,
thin-walled, perisporium absent,

Alpova lignicolor?

hilar appendage large, hyaline in
KOH and MS, 6-10 x 4-7J.t.
(Claridge & May, 1994)
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Fun al Identification

Ima e

Descri tion
Broadly fusoid, no ornamentation,
hilar appendage absent, thick

Sp.28

walled, light brown in KOH, darker
brown in MS, 10-14 x 4-7j..t.

Presence of a thick, mass of hyphae

Gummiglobus sp.

N/A

in the faecal pellet characteristic of
the genus (Bougher, 1998).
Spherical, large coarse hair,

Sp.lO

ornamented with ridges on surface,
yellow in KOH, golden-brown in
MS, 12- 15j..t.

Spherical, thick, wrinkled-wall ,
minute hairs, hyaline in KOH,
Sp.13

dextrinoid in MS,

8- 1 2~-t.

Spherical, smooth-walled, yellow
central nucleus, surrounding tissue
Sp.15

bright brown in KOH, white hilar
attachment or germ pore protruding
from surrounding tissue,

28-34~-t.
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Fun al Identification

lma e

Descri tion
Spherical, similar to Sp.l 0, large
t

hairs, numerous ridges along
surface, brown in KOH, darker

Sp.17

brown in MS, 15-191..l.

Spherical, similar to Elaphomyces,
large perisporium, thick walled,
brown in KOH, dark brown in MS,

Sp.23

20-251..l.

Ellipsoidal, tapering at one end,
large hilar appendage, dense hairs,
Sp.32

central core visible, dark brown in
KOH and MS, 15-19 x 10-141..l.

Spherical, wrinkled wall,
conspicuous wrinkled perisporium,
central clear nucleus surrounded by
Sp.26

smaller cells, hyaline in KOH and
MS, 18-231..l.

Presence of red-hyphae, produced a

Mesophellia trabilis?

N/A

pink/red solution when faecal
sample crushed in ethanol (Bougher
& Syme, 1998).
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Fun al Identification

Descri tion
Large, globose, smooth walled,
appeared to have a smooth

Sp.4

perisporum, hyaline in KOH and
MS, 18-23 x 8-12j..l.

Fusiform, thin and elongated,
smooth walled, no ornamentation,
Sp.8

dark centre with contents appearing
folded, hyaline in KOH and MS,
18-22 X 3-7!1.

Spherical with bumps, short hairs,
has a white hilar appendage, has a
Sp.20

small central core, dark brown in
KOH and MS, 17-19 x 14-16!1.

Globose, tapered at one end,
minutely covered in hairs, orange in
Sp.12

KOH and brown in MS, 12-18 x 51Oj..l.
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Fun al Identification

Ima e

Descri tion
Fusiform, smooth walled, hilar
appendage large, presence of a

Sp.16

central nucleus, yellow in KOH and
brown in MS, 11-15 x 5-8j..t.

Ellipsoidal, globose, smooth
walled, hilar appendage large,
Sp.30

hyaline in KOH, brown in MS, 16-

19 X 10-13j..t.

Fusoid, flaring perisporium
covering most of spore with
Sp.3

opening slits, hilar attachment
absent, hyaline in both KOH and

MS, 18-22 X 8-llj..t.

Fusoid, attenuated at apex,
longitudinal ridges along length of

Austrogautiera sp.

spore, wrinkled perisporium, hilar
appendage large, brown in both

KOH and MS, 10-15 x 5-10J.1
(Bougher, 1998).
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Fun al Identification

lma e

Descri tion
Fusoid, elongated, rounded at one
end with hilar appendage at other,

Boletellus spl.

faintly longitudinal ridge, hyaline to
green in KOH, hyaline in MS, 1822 x 4-7J.t. (Claridge & May, 1994),
Boletellus dreschlera?

Spherical outer shell, globose,
Sp.29

tetrad-spore in centre, hilar
appendage absent, minute hairs on
surface, light brown in KOH,
brown in MS, 15-18 x 10-l3J1.
Fusoid, tapering at both ends, no
ornamentation, thick walled, dense

Sp.18

hairs on surface, brown in MS, 2833

X

4-7J.t.

Fusoid, smooth walled, brown in
Melzer's Stain (MS) and purple in
Sp.25

KOH, attachment scar at one end,
Mesophellia sp. (Basidiomycota),
10-15 X 5-8!1.
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Fun al Identification

Ima e

Descri tion
Broadly fusoid, small circular
nucleus at one end, concaved on

Sp.31

either side producing a distinctive
mid-ridge, hyaline in KOH, 10-13 x
4-611.

Mesophellia like with flaring
perisporium, 13-16 x 8-1111.

Hysterangium

(Beaton et al., 1985)

inflatum?

Ellipsoidal, similar to species 32.,
dense, short hairs covering surface,
Sp.34

hilar appendage large, red in KOH,
16-19 X 12-1511 .

Spherical, thin walled, numerous
small cells in centre, one wall layer
Endogene sp.?

thick, observed in coarse fraction,
yellow in ethanol, 130-14011 .
(Claridge & May, 1994)
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Table 8.2

Comparisons Between Variables and Effect-,

F

Sig.

Dependent
Variable
PLANT

df

Mean Square

9

1.660E-03

.679

.724

INVERT
SAND
FUNGAL
PLANT
INVERT
SAND
FUNGAL
PLANT
INVERT
SAND
FUNGAL
PLANT
INVERT
SAND
FUNGAL
PLANT

9
9
9
1
1
I
1
3
3
3
3
2
2
2
2
4

4.434E-03
3.609E-03
1.416E-03
.541
.288
.493
43.552
2.065E-03
3.389E-03
5.489E-04
8.115E-04
2.648E-03
8.906E-03
5.121E-03
J.005E-03
4.023E-04

1.670
1.412
.388
221.315
108.558
192.792
11942.612
.845
1.277
.215
.223
1.083
3.355
2.003
.276
.165

.120
.207
.936
.000
.000
.000
.000
.476
.292
.886
.880
.346
.042
.145
.760
.955

INVERT
SAND
FUNGAL
Error
PLANT
INVERT
SAND
FUNGAL
PLANT
Total
INVERT
SAND
FUNGAL
Corrected Total PLANT
INVERT
SAND
FUNGAL

4
4

3.071E-03
2.352E-03
J.872E-03
2.445E-03
2.655E-03
2.556E-03
3.647E-03

1.157
.920
.513

.340
.459
.726

Source
Corrected
Model

Intercept

SEASON

SITE

SEASON*
SITE

4
53
53
53
53
63
63
63
63
62
62
62
62
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Tab/e8.3

Post-Hoc Analysis (LSD) or Faecal Content and Seasons (3 d.p.)

Mean
Std. Error
Difference
Dependent SEASON

summer

SEASON
autumn

winter
spring
autumn

summer

winter

spring
summer
autumn

winter

spring

INVERT

summer

spring
summer
autumn
winter
autumn

winter
spring
autumn

summer

winter

winter
spring
summer
autumn

spring

spring
summer
autumn
winter

FUNGAL

summer

autumn

Sig.

autumn
winter
spring
summer
winter
spring

winter

summer
autumn

spring

sum1ner

spring

autumn
winter

-6.67
-2.05
-2.94
-3.61
-2.96
6.67
3.61
6.47
2.05
2.96
-6.47
1.47
-3.23
-1.38
-1.47
-4.69
-2.84
3.23
4.69
1.85
1.38
2.84
-1.85
-1.98
4.44
-3.64
1.98
2.43
1.62
-4.44
-2.43
-8.09
3.64
-1.62
8.09

1.63
1.60
2.19
2.20
2.19
1.63
2.20
1.63
1.60
2.19
1.63
2.28
1.69
1.67
2.28
2.29
2.28
1.69
2.29
1.69
1.67
2.28
1.69
2.67
1.99
1.96
2.67
2.69
2.67
1.99
2.69
1.99
1.96
2.67
1.99

.683
.990
.184
.107
.181
.683
.107
.693
.990
.181
.693
.522
.062
.414
.522
.046
.217
.062
.046
.280
.414
.217
.280
.461
.824
.853
.461
.371
.547
.824
.371
.685
.853
.547
.685

95%
Confidence

Interval
Lower

Upper

-1.44
-3.93
-3.24
-7.33
-8.03
-7.35
-2.59
-8.07
-2.61
-3.20
-1.42
-3.91
-3.10
-6.63
-4.73
-6.04
-9.30
-7.41
-1.71
9.14
-1.55
-1.98
-1.73
-5.25
-7.34
-3.54
-4.29
-3.37
-2.97
-3.74
-4.43
-7.82
-4.79
-3.56
-6.97
-3.17

7.32
2.59
3.20
1.44
8.07
1.42
3.93
8.03
3.91
3.24
7.35
2.61
6.04
1.71
1.98
3.10
-9.14
1.73
6.63
9.30
5.25
4.73
7.41
1.55
3.37
4.43
3.56
7.34
7.82
6.97
3.54
2.97
3.17
4.29
3.74
4.79
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Table 8.4

Post-Hoc Analysis (LSD) of Faecal Content and Site (3 d.p.)

Mcnn

Std. Error

Sig.

Dependent
Variable

SITE

PLANT

EFB
NFB
HAKEA

INVERT

EFB
NFB
HAKEA

FUNGAL

EFB
NFB

HAKEA

SITE
NFB
HAKEA
EFB
HAKE A
EFB
NFB
NFB
HAKEA
EFB
HAKE A
EFB
NFB
NFB
HAKEA
EFB
HAKEA
EFB
NFB

2.04
-1.87
-2.04
·3.92
1.87
3.92
3.85
-2.76
-3.85
·6.60
2.76
6.60
·8.20
1.35
8.20
2.17
·1.35
-2.17

95%

Conndencc
Interval
Lower

Difference

2.16
1.46
2.16
2.37
1.46
2.37
2.25
1.52
2.25
2.45
1.52
2.47
2.64
1.78
2.64
2.89
1.78
2.89

.349
.204
.349
.104
.204
.104
.093
.075
.093
.010
.075
.010
.757
.452
.757
.456
.452
.456

Bound

Upper
Bound

·2.29
-4.80
-6.38
-8.66
·1.05
-8.29
-6.70
-5.80
-8.36
-.115
·2.88
1.66
.6, II
-2.22
-4.47
-3.63
-4.92
-7.97

6.38
1.05
2.29
8.29
4.80
8.66
8.36
2.88
6.70
·1.66
5.80
.115
4.47
4.92
6.11
7.97
2.22
3.63
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